Background: Metal stents for unresectable pancreatic cancer are associated with longer patency and superior cost-effectiveness. However, they are too expensive to be recommended routinely in developing countries. Moreover, a debate on outcome results in these patients who receive plastic biliary endoprothesis versus surgical bypass as palliation of obstructive jaundice. We aimed to compare retrospectively the outcomes in patients treated with plastic stent or surgical bypass as a palliative option for these patients. Patients and Methods: We have examined data for patients (n = 86) who received endoscopic stenting (n = 64) or surgical bypass (n = 22), from January 2013 to November 2016, as a palliative treatment for obstructive jaundice from inoperable cancer head pancreas. Results: Serum bilirubin and CA19.9 levels were comparable in age and gender matched patient groups. Moreover, post-operative major complications and 30-days mortality showed no significant differences among patient groups. However, surgical bypass treated patients showed longer initial hospital stay (9 vs. 6 days, p = 0.014), higher cost ($1600 vs. $1088) and longer survival (192 vs. 101 days, p = 0.003) compared to endoscopy-stenting treated patients. Re-hospitalization was required for 5 stented patients (averaged $448). Conclusion: Biliary bypass surgery for unresectable pancreatic cancer may improve patient survival, although prolongs hospital stay. It may be recommended for relatively fit patients with a life expectancy of 6 months and more.
Introduction
Pancreatic cancer is one of the leading causes of cancer related mortality all over the world. About 80% of pancreatic carcinomas are located in pancreas head, and adenocarcinomas comprise 75% of them [1] . Strong evidence from previous studies showed that complete resection is the only chance for cure, which is possible only in 10% -20% of patients [2] . Thus, palliative managements are the sole treatment options for about 80% of pancreatic cancer patients. Obstructive jaundice is the most common presenting symptom, which is associated with pruritus, recurrent attacks of cholangitis, and liver dysfunction that dramatically affect the life quality of patients. Resolving biliary obstruction is very critical for those patients, which can be through surgical bypass or placement of a biliary stents by cutaneous or endoscopic approach [3] .
Stenting is desirable to surgical bypass by its minimal invasion and short hospitalization time [4] . However, operative bypass has a 2% -5% rate of recurrent jaundice, and provides an opportunity for gastrojejunostomy in cases with duodenal obstruction [5] . Debates, on choosing surgical bypass or biliary stenting procedure, have been reported by several prospective and retrospective studies which have shown superiority of one treatment comparing to the other [3] [6] [7] , Furthermore, there are only few researchers who have examined the cost effectiveness of each of these two procedures [8] [9] .
This study aimed to evaluate our experience in Morocco on treating patients, by surgical biliary bypass or endoscopic stenting, presented by obstructive jaundice from advanced cancer head pancreas and to compare the patient's outcome in terms of post procedure mortality, morbidity, assess cost effectiveness, re-hospitalization and overall survival in these patients.
Materials and Methods
Study Design and Patients Selection: This study was performed according to the declaration of Helsinki and approved by the Local Ethical Committee. All patients presented with obstructive jaundice due to pancreatic head carcinoma and treated in University Hospital Hassan II, Fez, Morocco, from January 2013
to November 2016 were enrolled in this study. Cancer diagnosis was based on medical history, clinical examination, endoscopy and imaging findings, bilirubin/CA 19.9 levels and histopathology confirmation. Decision to perform endoscopic stenting or surgery was taken based on our interdisciplinary discussion on the best options for patient health status considering cancer staging.
Over 4 year period, 135 patients were reviewed to be enrolled in this study ( Figure 1 ). Exclusion criteria were any patient who: 1) needs curative surgery (pancreatico-duoden-ectomy), in whom decision of therapeutic abstention was taken, 2) failed or received endoscopic treatment other than biliary endoprothesis, 3) requires imaging-guided percutaneous trans-hepatic biliary drainage and 4) is a candidate for surgical treatment other than biliary bypass. Follow-up was obtained from the clinical records and through telephone interviews. The following parameters were examined for all patients groups; procedure success, 
Endoscopic Stenting Procedure
A therapeutic stenting procedure, through a side-viewing fluoroscopic guided endoscopy, was done for patients to drain biliary tract using a plastic endoprosthesis. The stent position was confirmed by its anatomic location, visualization of bile drainage through injection a contrast dye into the stent following placement to ensure its position above bile duct stricture.
Statistical Analysis
Overall survival, in this study, was calculated from the day of treatment start to patient death or loss of follow up. Chi square test, Fisher's exact test, or unpaired t-tests were used, according to their distribution, to examine patients' data in both groups. Results were expressed as means ± SD. Kaplan-Meier method was used to examine the cumulative survival in both patient groups. A p value < 0.05 was considered statistically significant.
Results
From 135 patients admitted for obstructive jaundice due to pancreatic duct carcinoma, 49 patients were excluded from the study as per Figure 
Patient's characteristics
Both patients groups were matched for age/gender and comorbidities, bilirubin and CA 19.9 level and presence of liver metastasis ( Table 1) . Percentages of patients, who were diagnosed in stage III/IV or received adjuvant chemotherapy, were comparable in patients groups (p > 0.05 for both). In surgery group, 14 patients were stage III while 8 patients were stage IV. In endoscopy group, 30 patients were stage III and 34 were stage IV. In the surgery group 16 patients underwent choledocho-duodenostomy and 5 patients a roux-en-Y hepatico-je-junostomy for biliary bypass procedure. Only one patient required double bypass (hepatico-jejunostomy + gastro-jejunostomy) due to tumor infiltration of the duodenum.
Morbidity and 30-day mortality (Table 2) Comparable 30-day mortality was observed in both patient groups (p = 0.25).
Overall complications, defined as those events occurring within 30 days following procedure, was significantly higher in surgery group (36.4 %), compared to endoscopy group (10.9%) (p = 0.006). Minor complications such as biliary fistula occurred in 27.3% of surgery patient group, while mild pancreatitis occurred in 3.1% of endoscopy stented patients (p = 0.0001). Major complications were comparable in patients groups (p = 0.54). In surgery group; 2 patients have de- patients. Two patients died from postoperative biliary peritonitis (Table 2 and   Table 3 ).
Re-admission and Hospital Stay (Table 3) Re-admission to hospital was needed on 7 occasions in stented patients for jaundice recurrence due to stent obstruction (n = 2) or migrations (n = 5). Endoprosthesis replacement was performed successfully in 6 patients, while 1 pa- Despite more re-admissions, total hospital stay for those patients treated endoscopically was significantly lower than those in surgery group (9 vs. 6 days, p = 0.014, Table 3 ).
Patient's Survival (Table 3) Kaplan Meier curve showed of patients undergoing palliative bypass was significantly higher than in stented patients compared to surgery patient group (192 vs. 101 days, p = 0.003) (Figure 2 ).
Total Hospitalization Cost
Total hospitalization cost, including re-hospitalization after initial treatment, However, additional charges were added for re-hospitalization of patients in endoscopy stented patients group. Although it remained lower than compared to surgical group ($1600 vs. $1488 per patient, Figure 3 ).
Discussion
Long-term outcome of pancreatic cancer is extremely poor, the overall median survival from diagnosis being 3 -6 months without treatment, which increases to around 23 months with curative surgery and adjuvant treatment [10] . Thus overall the majority of patients will have palliative treatment and therefore palliation of symptoms will still be an important focus. The three most important symptoms that should be treated in advanced pancreatic cancer are pain, duodenal obstruction and mainly obstructive jaundice which is present at the time of diagnosis in up to 90% of patients [11] [12] . The first biliary endoprosthesis was performed in 1979 [13] . It has been in our practice few years ago only, mainly due to the absence of technical platform. In our practice it has become an alternate method for the palliative therapy of malignant biliary tract obstruction.
The most common form of morbidity associated with endoprosthetic drainage remains stent occlusion, which may result in recurrent jaundice and cholangitis.
Stent occlusion requiring replacement occurs in 6% -23% (11% in our study) of patients with conventional plastic stents [14] [15] [16] . Expandable metallic bi-liary endoprostheses were expected to incur a longer patency, however their high price makes them inabordable for our patients. Determining the comparable efficiency of endoscopic stenting and surgical biliary bypass requires evaluation of multiple factors. Major complications of 7.81% and 9.09% for the stented and surgical patients, respectively, were not statistically different. However, surgical patients were hospitalized for a significantly longer period of time than stented patients (9 vs. 6 days) after the initial therapeutic procedure. Patients undergoing endoscopic stenting incurred an increased rehospitalization rate primarily related to stent changes. These results of the effectiveness of endoscopic versus surgical bypass for palliation of biliary obstruction are comparable with the previously published prospective studies ( . In a randomized trial, Schwarz et al. [20] concluded that endoprosthesis should be placed if there was evidence of metastatic disease or if the patient is not eligible for surgery. However, meta-analysis conducted by Taylor et al. [14] concluded that more treatment sessions were required after stent placement than after surgery, mainly due to jaundice recurrence after stent obstruction or migration, which means more re-hospitalization and higher cost. Our study did not support this finding as the medical group patients accrued slightly lower average charges in all categories. The randomized study performed by Smith et al. [4] showed that the median survival of patients who underwent surgical bypass is longer than that of patients who were treated with endoscopic stent placement. Our study along with other retrospective studies showed similar results (Table 4) .
Contrariwise to prospective studies performed by Bornmann et al. [15] , Shepherd et al. [21] , and Smith et al. [4] , which showed that patients who had undergone endoscopic stent placement seemed to have a survival benefit compared to surgical patients (Table 4 ). This controversy in the results may be explained by the selected patients in surgery group, as most of these patients were thought to have a resectable tumor after conventional radiological staging. It may be also explained by the great number of metastatic disease in the endoscopic group, however exclusion of patients with metastasis in both groups give similar results.
Worthy of note that median survival in our patients in both groups is relatively bad when compared to recent studies. The reason is that of only a small number of patients could benefit from adjuvant treatment, either because of patients/family choice or lack of resources. Furthermore only 41.8% of cancers were diagnosed based on histologic analysis with most diagnoses based on clinical and radiologic finding. Those patients could also not benefit from chemotherapy. This is the first published study to compare costs between patients undergoing endoscopic or surgical bypass in developing countries. The absolute monetary value may vary depending on the institution's geographic location.
The cost of hospital stay and procedure significantly vary between countries with high and those with Low to Middle income. For instance in the study of Raikar et al. [8] from Mayo clinic USA, the initial hospital stay was $18,325 for surgical patients (mean 14 days), compared to $1600 in our institution (mean 9 days). In endoscopic group the hospital stay charges were $9663 (mean 7 days) compared to $1088 (mean 6 days) in our hospital. Twelve stented patients required re-hospitalization (average charge of $4029) compared to seven patients required re-hospitalization (average charge of $400). These data demonstrate that beyond the availability of surgeons, endoscopists and adequate technical platform, there are additional barriers to providing basic cancer surgical services in low to middle income countries. Patients require an accurate cancer diagnosis and appropriate cancer staging to optimize surgical or endoscopic decision making. More resources are needed for the best palliative care including adjuvant treatments. The present study was relatively small, and the treatment selection was biased by several factors: accuracy of preoperative staging, surgeon's preference for method of treatment. However, the strengths and weakness of the two treatment policies could be evaluated in our context. Endoscopic stenting should be reserved for patients with a poor prognosis and/or general inoperability.
